The first acquisition of GPS signals reflected from the sea surface inside tropical cyclones was accomplished. This paper presents some examples of the data sets as well as early wind speed retrieval results using direct extensions of current models. Data from the GPS wind speed retrievals as well as from direct aircraft measurements are compared and discussed.
Introduction It has been demonstrated that reflected GPS
Comparison of various wind speed retrieval techniques using these flights has been done to determine calibration constants, accuracy and possibility of wind direction retrieval. The wind speeds encountered in these flights have varied from virtually calm to nearly 20 meters per second. Efforts have been underway to determine effective retrieval techniques, including non-linear estimation and matched filter methods.
The basis for the retrievals is either integration of some wave spectrum model to determine mean-square slopes for a Gaussian probability density or by using the Cox and Munk [Cox and Munk, 1954] ,-Gram Charlier slope probability density. Existing models are understood to represent the wave spectrum or mean square slope dependence on wind speed up to around 24 meters per second. These wind speeds are those amenable to inter-comparison with some in situ data sources and generally would be representative of well-developed seas. 
Characteristics of the Data
The GPS data were promptly received from the Airborne Operations Center and processing was started. The first data sets developed were the aircraft flight-path and a catalog of the GPS satellites tracked by the receiver. The receiver software keeps track of the available satellites via an almanac. As one satellite falls below a certain minimum elevation angle it is replaced by another. In this flight, sixteen satellites were tracked, but only GPS satellite PRN numbers 05, 21, 25, 29 and 30 were in view during the entire 1400-meter data-take. One or two others were briefly available, but were either too low or not visible during the entire storm core transect (PRN 23, for example.) Near the beginning or end of visibility for any GPS satellite, the angle can be too low to avoid interference from aircraft engines, other equipment, fuselage, etc. Moreover, the antenna being used is an LHCP patch and has poor response at very low elevation angles. There was some evidence this was occurring and data segments were bypassed in processing if it appeared the signal level was dropping below appropriate values for very low elevation angles. At the beginning of the transect satellite PRN 21 had the highest elevation (80 degrees and 201 degrees azimuth.) PRN 29 was next highest (57 degrees and 356 degrees azimuth), followed by PRN 30 (48 and 113 degrees), then by PRN 25 (38 degrees and 251 degrees.) Finally, PRN 05 was at 34 degrees elevation and 65 degrees azimuth.
The GPS signal is one that results from power reflected from wave facets which are properly oriented to redirect the satellite-to-earth ray-path to the nadir antenna on the aircraft. Since the delay bins map the surface, they generally cover all significant scattering angles. In this fashion, the slope probability density is "sampled" over all scattering angles. Thus, the total power in the reflected signal is of interest since it is an indicator of the surface reflection process. It is commonly seen at lower wind speeds that the total scattered power is close to that of the direct signal, reduced by the reflectivity of the water (approximately 63 percent.) The signal shape changes, but not the total power. 
Preliminary wind speed retrievals
The development of wind speed retrieval techniques, as well as wind direction algorithms, is currently a subject of considerable effort. The wind speed retrievals have shown good success in providing accurate spatial mapping of surface winds in long-fetch-long-duration sea state conditions. The techniques being applied are non-linear mean square estimation and a matched filter approach [Katzberg and Garrison, 2000] . Because the matched filter technique is relatively easy to implement, this technique can be used for "quick-look" retrievals. This approach was used to provide preliminary retrievals for presentation here in anticipation of more detailed analysis later.
Examples of the theoretical power versus delay are shown in Figure 2b 
